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TRAC ANALYSIS OF THE CRYSTAL RIVER UNIT-3 PLANT

TRANSIENT OF FEBRUARY 26, 1980*

P. Coddington, Group Q-9**
G. J. E. Willcwmt, Jr., Group Q-7

Los Alamos National Latoratory
Los Alauos, New Mexico

ABSTRACT

This paper describes the upplication of the TRAC-PD2 and
TRAC-PFl codes to analyze the Crystal River transient. The PD2
and PFl analyses used the thr:e—dimensional and one-dimensional
vessel models, respectively. Both calculations predicted the
plant depressurization causei by the open PORV and the subsequent
repressurization caused by (losing the PORV and continuing high-
pressure injection flow. Also, natural circulation was
calculated in loop B folloving reestabligshment of feedwater to
the loop-B steam generator. After system repressurization, the
codes calculated that pressure was relieved through the safety
valves, and an intermitten: flow occurred in loop A because of
high~pressure—~injection-iriven density vaviatione.

*Work performed under the auspicey of the United States Nuclear
Regulatory Commisseion.

*%0n attachment from :he United Kingdom Atomic Energy Authority.



I. INTRODUCTION

An avtomatic reactor shutdown occurred at Crystal River-3 on
February 26, 1980. Interruption of a power supply to the
non-nuclear instrumentation caused erroneous signals to be
supplied to the integrated control system (ICS). The ICS then
reduced the feedwater flow, increased the reactor power, and
opened the power-operated relief valve (PORV). The resulting
transient included a depresrsurization to 9.2 MPa followed by
repressurization to the safety-relief-valve (SRV) setpoint with a
large quantity of water ejected to the containment.

References 1-3 describe the evolving understanding of the
transient. Because much of the instrumentation was lost, only
limited data is available.

This paper describes our modeling of the transient with
TRAC-PD2 (Ref. 4) using s three-dimensional vessel and with
TRAC-PF1 (Ref. 5) using a one-dimensional vessel. These two
calculations were performed for two different task areas and are
presented together in this paper to indicate differences caused
by code versions, component models, and plant boundary condition
assumptions. This is the first application of TRAC-PFl with a
one-dimensional vessul to a transient in an operating PWR.

I1. MODEL DESCRIPTION

The PD2 and PFl models both include two identical loops
(A and B), except the pressurizer is connected to loop A.
Detailed noding diagrams for the two models can be found in
Ref. 6 and 7. Each loop includes a hot leg with candy cane, a
steam generator, and two cold legs combined to incr :ase
calculational efficiencry. Each combined cold leg includes a loop
seal, ¢ pump, and a high-pressure-injection (HPI) connection. We
modeled the reactor coolant pamps using the LOFT pump
characteristics ‘n TRAC scsled with plant data. Eacl
steam-generator secondary is attached to a main-feedwater inlet,
sauxilisry-feedwater inlat, and a long pipe to the steam outlet
with 8 side connection to a safety valve. The PD2
nteam-generator mndel did not include an aspirator model so the
mixed feedwater—-plus-aspirator flow was supplied as a boundary
condition. The PFl wcdel included an aspirator model so the
actual feedwater conditions were supplied at the top of the
downcomer.

The PFl vessel yas modeled using one-dimensional components
including the one-dimeusional core component available in PFl but
not PD2. The Prl one-dimensional representation of the vessel
included two separate downcomers connected at the lower plenum
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Plus a cross connection at a higher elevation to model any
azimuthal flows. The PD2 vessel was modeled with two azimuthal
segments, two radial segments, and seven levels. The seven
levels include a lower plenum, three active core levels, two
levels in the upper plenum to permit the vent valves (level 6) to
be above the hot- and cold-leg connections (level 5) in case of
water level changes, and an upper hzad. Both vessel models
included vent valves between the upper plenum and downcomer and
connections from the upper head to each hot leg to simulate
upper-head circulation.

Our PD2 analysis was based on & model developed for TMI-2
using boundary conditions from the Crystal River transient,
whereas the PFl model developed later was specifically for
Crystal River. Therefore, the PD2 model used the larger TMI-2
2772-MW,, initial power level, and the PFl model used 2418 MW.,.
Also, tﬁe PD2 model used the 1979 ANS decay curve including tﬁe
contribution of actinides, whereas the PFl model used the 1979
ANS decay curve without tne actinide contribution.

II1. TRAC CODE DESCRIPTION

The PD2 calculation used the TRAC-PD2/MODl1 code uith the
following major additions: (1) a vessel vent-valve model, (2) an
auxiliary-feedwater system with control based upon either a
steam-generator level calculation or operator action, and (3) an
improved model of the mixing of liquid and vapor between
one~dimensional cells in the horizontal and vertical low-flow
regimes. The PFl calculation used the released version of the
TRAC-PF1/MODO code, and the calculation was part of the
independent assessment of PFl.

Both PD2 and PFl allow thermal nonequilibrium be wcen che
phases. However, PD2 uses a drifr-flux wodel to calculate the
relative flow between the phases in the one-dimensional
components, and PFl independently mxolves the vapor and liquid
momentun equations. This allows for an taproved calculation of
countercurrent flow. Also, it is pousible to represent a
one~dimensional stratified flow, #hich ias not possibhle in PD2.
Another major difference is PD2 nalculates higher interphase
condensation rates than PFl.

Finally, because the Prl calculation used a cne-dimensional
core component, advantage could be tsken of the one~dimensional
two—step numerics in PFl that allows the time step to exceed the
material Courant limit. This was reflected in the CPU/transient
time ratios which were 6.73 for PD2 aud 3.21 for PFl.



IV. CALCULATION RESULTS

Table 1 shows the PD2 and PFl calculated sequence of events
together with plant data where available. Figures 1-3 ghow
comparisons of PD2 and PFl results with experimental data from
Ref. 1 for system pressure, upper~plenum tempersature, and loop-A
mass flow rate. The non—nuclear instrumentation failure caused
the PORV to open and the feedwater tc both steam generators to be
reduced at 1.0 s. For the calculations, the feedwater was
reduced to zero over a 9-s period as was suggested in Ref. 3.
The reduced feedwater flow caused an increase in primary-system
pressure and a high-pressure reactor trip at 17.5 s. Coincident
with the reactor trip th~ turbine tripped.

Steam lost through the PORV dapressurized the system. Two
different FORV sizes were used. The PD2 PORV was based on 110%
of the design flow. The PD2 PORV size was determined on the
basis of a limited sensitivity comparison of the primary system
depressurization rate versus PORV size. This demonstrated that
when using the best estimate feedwater reduction rate, the
nominal PORV size produced too slow a primary depressurization.
The PFl PORV was based on an experimentally determined flow from
Ref. 3 of 155X of the design flow. The PD2 and PFl results bound
the actual depressurization unt’" the system begins voiding.

The reactor coolant pumps were tripped in the plant
transient upon HPI initiation in line with the USNRC small-break
guidelines. We specified the pump trip at the actual transient
time of 224 g. The HPI flow was turned on in the calculations
when the pressure decreased to 10.44 MPa as in the plant. 1In
both calculations the pump trip was kept at 224 s even though HPI
initiation occurred at different times. After the pump trip,
flow was reestablighed to the loop~B steam—generator secondary.
Trhe plant data, Table 1, indicates that the pumps were tripped

25 g after the HPIS trip. Use of this delay would have produced
pump trip times of 232 s for PFl and 307 s for PD2.

Following pump trip, the syster continued to depressurize
until the liquid became saturated and voids began to form. At
this point the depressurization slowed as the liquid flashed.
During this period, natural-circulation flow occurred in loop B
because of the secordary cooling, whereas the loop~A flow almost
halted. Void formation continued, and voids collected in the
loop=A candy cane and upper head. The loop-B void fraction
remained low because of the continuous condensation in the stesn
generator. For loop A, however, there were only very small flows
from the HPI entering and flow out the PORV.
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As a result of the primary-coolant water flashing and of the
injected HPI flow of approximately 70 kg/s, the pressurizer water
level rose until the pressurizer fiiled at 380 s for PFl and
420 s for PD2. Following the pressurizer filling, t. ~ primary
system repressarized as the HPI flow of 70 kg/s exceeded the PORV
1iquid critical discharge of 25-30 kg/s. As the oystem
repressurized, the PD2 and PFl calculations differed because of
the different condensation models. In PFl, which calculates a
lower effective condensation rate, the gystem repressurized
initially without condensing the voids. The void at the top of
the loop-A candy cane then collapsed at 416 s causing a
depressurization that ended at 450 s when the PORV was closed.
After this a compression of the voids in the loop~B candy cane
followed by thelir rapid collapse occurred at 520 s in both
calculations. The void ccllapse in loop B at 520 s occurred as
a result of the change from main feedwater to auxiliary feedwater
in the loop—-B steam-generator secondary at 5i0 s. This change
significantly increased the cooling at the top of the steam—
generator primary as the colder auxiliary feedwater entered at
the top of the steam—generator secorndary. The enhanced cooling
increased the flow through loop B and increased the vapor
condensation. This occurred because the condensation ratc 1is
dependent upon the liquid linear velocity in both codes. A
temperature oscillation (Fig. 2) was seen coincident with each
pressure osclllation. This resulted from an increase in loop
flow as the voids in that loop collapsed. The increase in loop
flow caused the stagnant hot water in the core to flow into the
upper plenum. ‘fhe plant pressure did not indicate a rapid void
collapse. However, n change in slope of the pressure trace at
565 8 indicated tha' all voids had condenged. The system
repressurized to the SRV setpoint at 671 s for PFl and 704 s for
PD2.

Figure 2 shows the PD2, PFl, and plant transient comparison
of upper-plenun temperatures. The plant data was taken from
subcooling alarms up to pump trip and thermocouple data following
that. The agreement is very good for the PFl calculation.
However, the plant data does not show the coolant tempsarature
oscillations that arise both fronm the collapse of voids prior to
700 s and trom loop-A density flow oscillations between 700 and
1800 s. Following 700 s, the PFl rate of cooling is the same as
that given by the plant data. The PD2 reduced rate of cooling
and the overall higher temperature is a consequence of the higher
initial power snd the differ:nt decay heat assiumption.

After the svetem repressurized to the SRV getpuint, we
continuad the caiculations to 1800 s to determine the minimum
cold-leg and Jowncomer temperatures. From 700 to 1800 s, the
loop-B flow continued because of steam—generator cooliag, and
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there was no significant HPI cooling of the loop-B cold-leg
fluid. However, for both calculatione the loop~A flow was nearly
zero for long periods of time because there was no
steam-generator cooling to drive it (Fig. 3). During these
quiescent periods, the HPI water entered and started spreading
both ways from the injection location. When this cold
high-density water reached the pipe leading down into the loop
seal, the density difference produced a flow back through the
loop and out the hot leg to the vessel. This reversgse flow
rapidly damped out as warm water from the vessel entered the cold
leg and mixed with the HPI flow to remove the driving force.
However, this intermittent flow prevented cold unmixed HPI water
from reaching *the vessel and thus the downcomer temperatures
remained above 44u K (Fig. 4) even though temperatures in the
cold leg iear the HPI location were as low as 310 K (Fig. 5)
during the quiescent periods. The intermittent flow would
probably eventually stop herause each surge produced a8 colider
loop-seal temperature, and aig the loop seal filled with cold
water the driving potential would be removed. In the Crystal
River transient, feedwater was revestablished to loop A at

2200 8, this would establish aatural circuiation and end the
intermittent flow.

We have two concerns about this intermittent reverse flow
process. First, it may be a characteristic of a one-dimensional
model that perhaps would be eliminated by a multidimensional
loop-seal model that permitted cold water to flow down one side
of the plpe while warmer water moved up countercurrent to {it.
Second, if it does occur, a model that included both cold legs in
each loop might show a flow from the vessel {nto une cold leg and
back out the other cold leg to the vessel. Mo:e downcomer
cooling coull vesult as the c~id HPI from one ol the cold legs
flows into the downcomer.

V. CONCLUS10NS AND AECOMMENDATIONS

Two TRAC simulations of the Crystal River transient were
performed. The first used TRAC-PD2 with a three~dimensional
veseel, and the second used TRAC-PFl with a one-dimensional
vessel.

PD2 and PFl calculated the system depressurization well, and
the differences reflect the different PORV areas used. Following
the reactor-coolant-pump trip, feedwater was reestablished to
loop B, resulting in natural circulation in this loop. This was
calculated well by both codes. The Bystem repressurization
following the PORV closure, was also calculated well by the
codes. Hovever, because of the nature of the condensation
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models, the ndes calculated two condensation-induced pressure
oscillations during the repressurization.

PFl calculated the overall cooling well, but PD2 indicated
tnat the core power was too large based on a different plant
model and decay-heat assumption.

After the system repressurize~”, there was no established
flow in loop A because there was no steam-generator cooling to
drive it. This resulted in the HPI flow collecting in the cold
leg, and because the HPI injection point is close to the pump,
the cold water flowed back through the pump to the lonp seal
producing grevity-driven reverse flows through loop A. This
therefore reduced the HPI water flow to the downcomer, and
downcomer temperatures never went helow 440 K for eirher
calculation.

We rccommend that tests be conducted in large pipes to
determine if this reverse flow is a potential phenomeron of
concern or is just an artifact of one-dimensional models.
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TABLE I

TRANSIENT EVENT

TRAC-PD2

0

10

17.5

282

224
307°

225-229

260

333

420

450

510

704

TIME(s)

Plant!
Data

0

10-2
25.53

2013
235

224-227
2242

2245227
224

2805520
450

5102

591°
595-610
~620

7

SEQUENCE

Event

Non-nuclear instru-
mentation failure.

PORV open. Feedwater
begins to ramp down.

Feedwater off.

Reactor trip.

HPIS trip. Pressure falls
below 10.44 MPa (1500 psig).
Reactor coolant pump trip.
Feedwater reestablished

to loop B.

Initial void formation.

Loop A flow stalls

on candy cane

high void fraction.
Pressurizer liquid solid.
Closure of PORV block valve.
Main feedwater turned off.
Auxiliary feedwater turned

on to loop B.

SRV open first time
(system repressurized).



Pressure {MPa)

TABLE 1 (continued)

Plant data taken from Ref. 1.

Data taker from Ref. 3.

Times taken from Ref. 1, Event Synopsis.
Times taken from Ref. 1, Fig. III-3.

RCS pump trip; on basis of HPIS trip + 25 s delay as
indicated by plant data.

Reference 1, Event Synopsis
Reactor Coolant Systom pressure 16.38 MPa (2361 psig).

Reference 1, Event Synopsis SRV opened.

Reference 1, Fig. III-3 and III-4.
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Primary coolant system pressure.



Liquid 1emperciure {K)

Mass Flow (kg/s)
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Loop-A downcomer liquid temperature.
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